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TITLE 

TELEOPERATED ENDOSCOPIC CAPSULE EQUIPPED WITH ACTIVE 

LOCOMOTION SYSTEM. 
DESCRIPTION 

5 Field of the Invention 

The present invention refers in general to the area 
of devices for endoscopic use and more specifically 
relates to a teleoperated endoscopic capsule able to move 
autonomously in various areas of the human body and in 
10 particular in the gastrointestinal tract, with an active 
control of its locomotion. 

Description of the State of the Art 

In recent years interest in devices which enable 
endoscopic investigations and treatments to be performed 

15 autonomously and in a minimally invasive way has grown 
considerably. An autonomous image vision system with 
wireless data transmission, integrated in a small pill, 
received recently the approval for clinical evaluation in 
the US. The system comprises a CMOS imager, a transmitter, 

20 LEDs for illumination and a power supply from watch-like 
batteries. See for example US5604531. The main limitation 
of this device relates to the lack of active control of 
the locomotion: the capsule proceeds by normal 

peristalsis and it cannot be stopped during its journey. 

25 Semiautomatic solutions are also known, based on a so- 
called '^inchworm" model of locomotion, such as for example 
the endoscopic device described in WO02/68035. These 
systems have limited control potential of the locomotion 
parameters and no possibility of varying their speed. They 

30 also have the disadvantage of sliding with their body 
along the walls of the body cavity in which they move 
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without being able to avoid any injuries or pathologic 
areas . 

Endoscopic devices are also known which are operated 
from the outside by means of fields of force (for example 
5 magnetic fields) which require the patient to wear 
suitable apparatus for generation of the field. Refer for 
example to the device known as Norika 3, produced by the 
Japanese firm RF System Lab. However use of this device 
may be awkward and risky due to the possible interferences 

10 with other biomedical devices which may be used by the 
patient- Moreover endoscopic devices with external 
operation of this type entail the risk of side effects 
due to prolonged exposure to electromagnetic fields. 
Objects and Summary of the Invention 

15 The object of the present invention is to provide a 

device for endoscopic use capable of autonomous movement 
and power supply within a body cavity, with the 
possibility of controlling its movements from the outside 
so as to allow the performance of medical, diagnostic and 

20 therapeutic procedures and in particular for transmitting 
images of areas of interest of the body cavity traversed. 

Another object of the present invention is to 
provide a device for endoscopic use of the type mentioned 
above with such dimensions as to be able to be swallowed 

25 and which is adaptable to the locomotion environment, with 
the possibility of being stopped, rotated, accelerated and 
decelerated as required as a result of commands 
teletransmitted from the outside. 

A further object of the present invention is to 

30 provide a device for endoscopic use of the type mentioned 
above provided with legs with several degrees of freedom 
which can extend radially therefrom and permit locomotion 
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and adaptation thereof to the various shapes of the body 
area covered, without damaging the tissue with which they 
come into contact . 

Yet a further object of the present invention is to 
5 provide a system for endoscopy within a human body cavity 
which allows an operator to control the locomotion of a 
teleoperated endoscopic capsule equipped with its own 
locomotion means, swallowed by a patient, and the 
reception of images and data acquired thereby. 

10 These objects are achieved with the endoscopic 

capsule according to the invention, whose basic features 
are disclosed in claim 1. Further important features are 
given in the dependent claims. 

According to the invention, a teleoperated 

15 endoscopic capsule is provided for diagnostic and 
therapeutic purposes inside a human body cavity, 
comprising a body with a plurality of locomotion modules 
on its surface, suitable for moving it inside the body 
cavity, an energy source and a microcontroller inside said 

20 body for actuating said locomotion modules on the basis of 
commands teletransmitted by an operator, a video camera 
for capturing images, controlled by the microcontroller, 
and a transceiver system for receiving the commands 
teletransmitted by the operator and for transmitting the 

25 images acquired via the video camera. 

In a particularly preferred embodiment of the 
invention, the capsule is provided with legs able to 
extend radially from its body and having at least two 
degrees of freedom, of which one is active, to allow their 

30 movement from a rest position, more particularly situated 
along the body of the capsule, to a radially extended 
position, and a passive one for bending the legs around an 
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intermediate portion thereof to adapt them to the 
def ormability of the tissue on which they abut during the 
movement of the capsule . 

Preferably, to operate the movement of the legs 
5 actuator means are provided consisting of shape memory 
alloy (SMA) wires acting, two by two for each leg, in 
opposition one to the other. 

In a particularly preferred embodiment of the invention, 
the capsule is provided with legs with grasping means, 
10 consisting in particular of microhooks at their free ends, 
to increase friction with the slippery and deformable 
tissue . 

Brief description of the drawings 

Further features and advantages of the endoscopic 
15 capsule according to the present invention will be made 
clearer by the following description of one of its 
embodiments, given by way of a non- limiting example with 
reference to the accompanying drawings in which: 

- Figure 1 is a perspective view of the endoscopic 
20 capsule according to the invention; 

- Figure 2 is an enlarged, axially sectioned view of 
the endoscopic capsule of Figure 1; 

Figure 3 is a perspective view of a locomotion 
module of the endoscopic capsule of Figure 1; 
25 - Figure 4 is a side perspective view of a leg with 

which the locomotion module of Figure 3 is equipped; 

- Figure 5 is a variant of the leg of Figure 4; 

- Figure 6 is a block diagram of the mechatronic 
architecture for locomotion of the capsule; 

30 - Figure 7 is a block diagram of the control system 

on board the capsule; 
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- Figure 8 is a block diagram illustrating the system 
of actuation of the legs. 

Detailed description of the invention 

Referring to Figures 1 and 2, the endoscopic capsule 
5 according to the invention is formed by a substantially 
cylindrical body 1, preferably made in a biocompatible 
plastic material, having a longitudinally spaced front end 
and rear end and defining an internal chamber 2 for 
housing a video camera (not shown) for capturing images, 

10 electrical power supply and the control electronics, as 
will be explained herein below. At the ends of the body 1 
closure caps 3 are attached and the cap placed at the 
front end has an aperture for the optical system of the 
video camera, for the administration of drugs and for the 

15 passage of bioptic or surgical instruments. 

Along the side surface of the body 1 equally spaced 

axial grooves 4 are formed (six in the present embodiment 

of the invention) , suitable for housing respective 

locomotion modules, generically denoted by 5, each one 

20 comprising a leg 6 and an actuator unit 7. 

More particularly, referring also to Figure 3, each 

locomotion module 5 comprises an elongated support 8, of 

such a size as to be able to be housed in a corresponding 

groove 4, along which a channel 9 is formed axially. At 

25 one end of the channel 9 a pin 10 is placed transversely 
and a pulley 11 is keyed on the pin 10. The leg 6 extends 
radially from the pulley 11. At the other end of the 
channel 9 transmission rollers 12 are placed, freely 
rotating on a transverse pin 13 integral with the support 

30 8, while additional transmission rollers 14 are provided 
near the pulley 11 in the seat 9, likewise rotating on a 
transverse pin 15 attached to the support 8. In a possible 
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embodiment of the invention the pulley 11 is made in 
aluminium, while the pins 12 and 14 are in a non- 
conductive material, for example glass. 

The locomotion modules 5 are placed on the body 1 in 

5 such a way that the legs 6 are alternatively at one and 
the other end, so that definitively, in the present 
embodiment of the invention, the capsule is provided with 
three legs at one end and three legs at the other, spaced 
angularly through 120^ and staggered through 60*=^. 

10 Referring to Figure 4, each leg 6 is formed by a 

rod- shaped element in two portions 6a and 6b connected by 
a knee portion 6c with increased flexibility. The portion 
6a has at its free end a joint 16 for snap connection in a 
special seat 17 of the pulley 11, and at an intermediate 

15 point a retaining shoulder 17a. The portion 6b has a 
substantially circular end 18 and a plurality of 
microhooks 19, turned in the same direction extends 
radially therefrom. 

In the currently preferred embodiment of the 

20 invention, the leg 6 is made in SMA (Shape Memory Alloy) 
in a superelastic phase at room temperature. In this way 
it is possible to exploit the relatively high elasticity 
of the metal, which allows deformation of up to 8%, much 
higher than those of a normal metal, together with its 

25 mechanical strength and biocompatibility . In this way it 
is also possible to make the legs 6 via an electroerosion 
process from a small plate of this metal alloy. 

The leg 6 therefore has two degrees of freedom, of 
which one is active around the pulley 11, for the movement 

30 of the leg in the longitudinal direction, and a passive 
one around the knee portion 6c to adapt the leg to the 
def ormability of the tissue on which it abuts. 
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The actuator unit 7 allows angular movements of the 
leg 6 of a controllable extent between a rest position, 
wherein the leg 6 is extended longitudinally in the seat 9 
of the support 8, and a position of maximum radial 
5 extension angularly spaced through 12 0° in relation to the 
rest position. The actuator unit 7, shown in particular in 
Figures 2 and 4, is formed, for each leg 6, by a pair of 
wires 2 0 and 21 in SMA with one end attached to the pulley 
11 at diametrically opposite parts, while the other end is 

10 connected to the power supply system via contacts, not 
shown, provided on a contact plate 22 placed at one end of 
the support 8, the wires 20 and 21 being coupled to the 
contact palte 22 by means of attachment dowels 23. The 
wires 2 0 and 21 have two transmissions at transmission 

15 rollers 12 and 14 in order to maximise the contraction of 
the metal. Note that in Figure 2, for each of the two 
locomotion modules 5 shown sectioned, only one of the two 
wires 2 0 and 21 in SMA provided has been drawn for the 
sake of clarity of illustration. 

20 The two wires 20 and 21 act in opposition. The 

rotation of the pulley, and hence of the leg 6, is 
produced by actuating alternately one of the two wires . 
Actuation is achieved by passing current through one wire 
and causing its heating to the transition temperature 

25 which varies according to the SMA chosen. Having reached 
the transition temperature the wire contracts suddenly, 
rotating the pulley, while the cold wire is deformed 
through the action of the hot wire. 

The leg 6 has, at the knee portion 6c, two opposite 

30 appendages 25 which limit to a few degrees rotation of the 
leg 6 in the direction of its elongation, while on the 
opposite side of the leg 6 an additional pair of 
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appendages 2 6 can be provided, suitable for abutting one 
against the other after an extensive, relative rotation of 
the portion 6b in relation to the portion 6a. The pair of 
appendages 26 therefore limit the extent of the bending to 
5 which the leg 6 may be subjected so as to prevent possible 
damage . 

In the embodiment of Figure 5, the leg 6 is formed 
by a rod- shaped element along which a plurality of 
flexible joints 6c are provided to improve its 

10 adaptability to the various conditions encountered along a 
journey. The leg 6 according to this embodiment also has a 
plurality of microhooks 19 present not only along the edge 
of its free end 18, but also along a whole edge of the leg 
6 so as to create directional friction along the whole leg 

15 and not only at its free end. 

The endoscopic capsule according to the invention is 
able to move, rotate and stop inside a body cavity, such 
as for example the gastrointestinal (GI) tract, as a 
result of commands teletransmitted by an outside operator. 

20 The capsule is moved forwards by actuating in a 
synchronised manner the legs 6 whose free ends force 
against the walls delimiting the body cavity. This forcing 
action is regulated by the possibility of the leg to 
deform at its knee portion 6c, reducing the risk of 

25 damaging tissue. The microhooks 19 provided at the free 
end of the legs 6 increase the friction between the ends 
of the leg and the tissue, friction otherwise very low due 
to the slippery and deformable nature of the tissue walls 
involved. The microhooks are turned backwards in relation 

30 to the forward movement, i.e. towards the rear end of the 
body 1, in order to have a differential friction 
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coefficient at the interface required for propulsion of 
the capsule. 

Figure 6 illustrates the overall mechatronic 
architecture of the system of control of the locomotion of 
5 the endoscopic capsule according to the invention. 
Basically this system is composed of a capsule system, 
denoted by C, and an external control system, identified 
by the EXTERNAL CONTROLLER block, which forms the 
interface with the operator, which transmits the commands 

10 to the capsule through this block via a radio signal. The 
operator selects the commands, such as move forwards, 
stop, rotate, turn back, and these commands, once 
transmitted to the capsule, are interpreted by the 
internal microcontroller into operations of a lower level 

15 to activate the of actuation sequence necessary for 
generating the required command. 

For actuation of the legs 6 a microcontroller (yP) 
is provided, housed in the body 1 of the capsule for 
generating a train of pulses according to the Pulse Width 

20 Modulation (PWM) technique. As shown in Figure 7, the 
microcontroller sends the actuation signals to the drivers 
of the actuators of the legs 6, whose angle of aperture is 
monitored via suitable sensors which also allow a closed- 
cycle control to be carried out. The microcontroller also 

25 processes the signals from the vision system and a two- 
directional data transmission system is provided 
(TRANSCEIVER block) . 

The data transmission system is based on 
transmission in RF and uses commercial systems. The band 

30 of transmission used can be that operating in the VHF or 
UHF field, for example a frequency of 433 MHz could be 
used. Among the commercial components which can be used. 
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mention is made of those of Microchip, Cypress 
Microsystem, Chipcon AS SmartRF and others , 

The capsule system remains in a standby condition 
until a command is received from the external controller , 
5 Once the signal has been received, the type of command to 
be performed is identified. The commands to be performed 
relate both to locomotion and sensor monitoring. In 
practice, if information is required on the status of the 
capsule, the microcontroller sends, via the transmission 

10 system, the status of the various sensors on board and 
this allows a reconstruction of the position of the 
individual legs and to have, for example, information on 
whether the legs are open or closed. In the case instead 
of a locomotion command, the microcontroller has to 

15 determine which type of locomotion to carry out, that is 
to say whether to go forwards, backwards, rotate left or 
right, move one leg only or a subgroup of legs (which 
occurs in the case of locomotion on areas where it is not 
necessary to move all the legs but instead just a few are 

20 sufficient and this with a view to saving energy) . Once 
the action to be taken has been determined, the 
microcontroller sends voltage pulses of a value between 
3.3V and 5V to the drivers for activation of the actuator. 
Once the operation has been performed, the microcontroller 

25 checks that there are no actions to be performed so as to 
return to a standby condition. 

As shown in Figure 8, the driver is composed of a 
step-up DC_DC converter required to increase the V±n of 
the battery by at least 8 times its value (the commercial 

30 components which can be used for this purpose are MAX668- 
669 from MAXIM or similar) . The Vq^^ of the step-up 
charges a capacitor. The actuator is energised by 
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discharging the capacitor for a period of time equal to a 
few milliseconds on the same actuator. Activation of 
discharging of the capacitor is generated by the 
microcontroller through the closure of the switch shown in 
5 Figure 8 . 

For the external control of the movements and of the 
functions of the endoscopic capsule, in the present 
embodiment of the invention a man-machine interface has 
been developed in Visual Basic through which all the 

10 instructions necessary for movement of the legs can be 
sent by telemetering, while exploration instructions are 
pre-programmed on the microcontroller on board the 
capsule. Naturally other equivalent known types of 
interface can be used as an alternative. 

15 In a practical embodiment of the invention a capsule 

was made, approximately 17 mm in diameter and 3 0 mm in 
length with legs of approximately 15 mm in length. In a 
prototype wires in SMA were used for actuating the legs 
with diameter of 75 microns. The consumption of the 

20 capsule for an inspection of the entire gastrointestinal 
tract, assumed to be roughly equal to 8 metres, was 
compatible with latest-generation batteries whose energy 
stored in them is of the order of 2 Wh/cc. 

The endoscopic capsule according to the invention, 

25 has, compared to known endoscopic capsules, a number of 
advantages , including : 

- the ability to move forwards, turn back and turn 
around on the basis of the diagnostic needs identified by 
the member of the medical staff; 

30 - the ability to stop, contrasting the peristaltic 

forward forces, thanks to the microhooks with which the 



wo 2005/082248 



PCT/IB2005/000398 



12 

legs are equipped or the simple radial outward bending of 
the same legs; 

dimensional adaptability to the various 
gastrointestinal areas ; 
5 - greater safety compared to semi -autonomous 

endoscopes with inchworm locomotion, and also traditional 
endoscopes, which slide on the tissue without the 
possibility of avoiding lesions or pathologic sites. With 
a legged endoscopic capsule improved control of the 
10 trajectory is possible and the capsule can pass through 
critical areas without touching them. In fact the 
positioning of the legs can be accurately controlled by 
exploiting the transmitted visual information as a guide; 

- better movement controllability in terms of length 
15 of the step, frequency, trajectory and accuracy and 

improved adaptability to the anatomical and biomechanical 
features of the environment in which it has to operate; 

- greater speed of locomotion in that the legs can 
act as a system of amplification of the movements of the 

20 microactuators for actuation of the same, thus generating 
a higher overall speed; 

- greater convenience of use, in that the patient is 
not required to wear systems for the generation of fields 
of force and reduction of the possible risks associated 

25 therewith - 

The endoscopic capsule according to the invention 
can advantageously be coated with a biocompatible and 
biodegradable layer which avoids accidental outward 
bending of the legs in the mouth, making the process of 

30 swallowing easier. When the capsule reaches the stomach 
the coating can then be destroyed, allowing the 
possibility of movement of the legs. In the exploration of 
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areas of small dimensions, such as the small intestine, 
with an average span of 2 cm, the capsule can proceed with 
the legs semi -bent, while in areas of greater gauge, such 
as the colon, with approximately 5 cm of diameter, the 
5 capsule can proceed with the legs almost completely- 
extended. 

The number of legs with which the capsule can be 
equipped depends on the speed which is to be reached and 
the complexity of the single step of locomotion. 
10 Various changes and modifications to the invention 

may be clear on the basis of the present description. 
These changes and additions are understood to come within 
the scope and spirit of the invention, as set forth in the 
following claims. 

15 



20 



25 



30 



